method proved unsatisfactory. Another experiment was made with three hell-jars-a small one, of a capacity of 10 litres, being placed between two others which held, when-full, 40 litres each; the three bell-jars were connected with each other by india-rubber tubing in the course of which an apparatus was disposed for the absorp tion of carbonic acid. * The person under experiment breathed out of and into the middle and smaller bell-jar, which held at the time 5 or 6 litres of air, while a known volume of air was driven from one of the large bell-jars into the other, through the smaller receiver and back again. The carbonic acid absorbed was replaced by oxygen gas. The principle of the method was indeed the same as that adopted by Regnault and Reiset, and more recently by Messrs. Jolyet, Bergonie, and Sigalas.* Great difficulty, however, was met with in this experiment, especially from the tension of gases in the bell-jars, and it was ultimately given up.
I had the honour of communicating a paper to the Royal Society in June, 1891, embodying the results obtained from a first series of inquiries on the interchange of pulmonary gases. The investigation has been continued, and I have had the benefit of the assistance of Mr. Gi. P. Darnell Smith, B.Sc., in the present work. I am greatly indebted to Mr. Smith for many useful suggestions; while our dis cussions have been fruitful on many occasions.
The apparatus used for the estimation of carbonic acid and oxygen has been fully described in my former paper, but, as the drawing of the eudiometer employed could not be inserted in th at communica tion, it is appended to this paper together with an explanation of the construction of the instrument.
The key to a method of investigation calculated to give correct information on tlie interchange of the respiratory gases is to be found in the means adopted for the determination of the volumes of aii inspired and expired. C. Speck in his experiments, inspired a measured volume of air from a bell-jar, carefully balanced over a water trough, and expired it into another, the volumes of aii in spired and expired being thus determined by direct measurement. Messrs. Hanriod and Richet used gas meters instead of bell-jars. In my former inquiry, after trying how closely experiments with belljars agreed with each other, it was found that the results obtained were not sufficiently reliable to be used except in the form of m eans, on that account, the object was attained by calculation, assuming that the volume of nitrogen in the air expired was exactly the same as the volume of nitrogen in the air inspired; consequently the volume of nitrogen expired was proportional to the volume of air inspired.
It has occurred to me that an objection to this means of deter mining the volume of air inspired might be raised on the ground that it is unscientific to adopt a method of inquiry based on an assumption, although the investigations of Regnault and Reiset have apparently placed what I call an assumption on the footing of an acknowledged fact. There was consequently a gap to fill up, as it was necessary to ascertain whether nitrogen is either absorbed in the blood or given out, or whether it takes no appreciable part in the respiratory process; with this object, an experiment was made by re-breathing a known volume of air in a bell-jar, and determining afterwards the volume of nitrogen present in this air, but the In this table the first column of figures, on the left, shows the volumes of air inspired, as measured in the bell-jar from which the air was breathed; the second column shows the corresponding volumes of air expired as determined in the second receiver. The third column gives the volumes of air inspired, calculated from the assumption that the whole of the nitrogen exhaled is also inhaled.
It will be observed that the mean of the volumes in the third column is all but exactly the same as the mean of the volumes in the first column, the difference being only by 3 c.c.; hence the obvious conclusion that nitrogen takes no appreciable part,, or no part at all in the interchange of the pulmonary gases.
It follows from the harmony found to exist between the mean volumes of air actually inspired and the mean volumes of air in spired determined by calculation, that the corresponding volumes of nitrogen, of oxygen consumed, and oxygen absorbed and retained in the blood, whether found or calculated, will also be practically the same; this is set forth clearly in the next table.
These experiments show most satisfactorily that the method adopted to obtain the volumes of air inspired by calculation can be trusted as correct; and, therefore, that not only the means obtained by that method, but also every single experiment, may be accepted as giving a reliable result. A certain amount of training was, however, required before the results could be considered as fit for recording.
The next point for consideration refers to the influence of changes of temperature on the consumption of oxygen per minute, or, in other words, on the carbonic acid produced and oxygen absorbed. These experiments have been made on myself and Mr. Smith while under the influence of food, and an additional number were made on 
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Mi'. Smith, while fa s tin g ; hence, in his case, the experim ents show the influence of food on the interchange of pulm onary gases. I reg ret that in the present inquiry no experim ents were m ade on myself while fasting, and th a t those, fasting, on Mr. Sm ith are too few to show any influence of tem perature under th is condition. I t would have been, of course, more satisfactory to elim inate the influence of food while inquiring into the action of differences of tem perature on the interchange of the pulm onary gases. The results obtained show the effects of a change of tem perature on the chemical phenom ena of respiration to vary somewhat w ith different persons, some being more disposed th an others to react against an accession of cold by an increased production of carbonic acid. In my case, the effect is very obvious, as seen in the following table (p. 218). F irst of all, if the means of the oxygen consumed per m inute, the carbonic acid produced, and the oxygen absorbed, also per m inute, be compared with the corresponding figures obtained under the influence of food in my form er inquiry,* they will be found to harm onise with them in a m arked degree ; they are as follows :-The oxygen consumed is nearly exactly the same in both cases, varying by only 1 c.c. The carbonic acid produced is a little lower in the recent experim ents, and the oxygen absorbed somewhat higher.
The slight difference between the carbonic acid produced in each set of experiments, and also the difference, which is rath er greater, between the figures found for oxygen absorbed in the two series of experiments, 30'2 and 35*7, are probably owing to the precaution taken in the recent inquiry of allowing half an hour's perfect rest, in the recumbent posture, before commencing the experim ent. Form erly the time of rest had been lim ited to from five m inutes to a quarter of an hour, wdien the pulse and breathing had become perfectly re g u la r; but it was subsequently found th a t half an hour a t least should be allowed before collecting the air expired for analysis, in order to ensure the body being in a perfect state of rest.
The table has been disposed in a graphic form, the curves showing, at a glance, the influence of tem perature on the interchange of pulmonary gases in my case; this influence! may be summarised as follows:- Of course it cannot be expected, in a work of this kind, th at tracings will be perfectly re g u la r; hence in the tracing for oxygen consumed we observe a slight abnormal rise between 140,4 and 160,3. This is probably owing to the weather being cold outside; the experiment was done on the 24th of F e b ru a ry ; the maximum tem perature of th at day in the open air was 9° C. (W imbledon P ark), and the body was partly under this cooling influence, although the tem perature of the labora tory, at U niversity College, heated w ith hot-w ater pipes, was 160-3. The tracing for carbonic acid produced also exhibits irregularities, b u t the curves show distinctly that, a t all events in my case, changes of tem perature exert a very positive influence on the interchange of the pulmonary gases.
If the tem peratures of the atmosphere in which the experiments are made be divided into two groups, one group including the lowest and another the highest, and a table constructed, into which the carbonic acid produced and oxygen absorbed are entered together with their corresponding tem peratures, this Mean ratio of CCb. produced to 0 absorbed = 0-143.
Mean ratio of C 0 2 produced to 0 absorbed = 0 *213.
The mean ratio of C 02 produced to 0 absorbed is, therefore, verydifferent according to temperatures; it is much lower in relatively cold than in warmer temperatures; hence the interesting fact that the absorption into the blood of that proportion of oxygen consumed which is not transformed into carbonic acid is not concerned in the production of heat towards resisting external cold. This is clearly the case, as the colder the atmosphere the less the proportion of oxygen consumed as absorbed in opposition to the proportion con sumed towards the production of carbonic acid, which is markedly increased. A similar effect of temperature is met with in the experi ments reported in my former paper. Out of six experiments made on myself under the influence of food, two were carried out 2 hrs. 25 mins, and 1 hr. and 40 mins, respectively after a meal, when the laboratory in winter was much below its usual temperature, the readings being 10°'4 C. and 12° C .; on these occasions the oxygen absorbed per minute was 27 c.c. and 24-8 c.c. respectively, and the mean ratio between the C 02 produced and O absorbed was 25'9 2 2 g = 0*114 ; while when the laboratory was comfortably warm, at a mean temperature of 16°'8 C., the mean volume of oxygen absorbed
• 32*4 was 32'4 c.c., and the ratio igffT 0'152.
were lower in low than in high temperatures, which means that in my case in low temperatures less oxygen is absorbed, relatively to the carbonic acid produced, than in high temperatures. The expe riments while fasting reported in my former paper were all made when the laboratory was comfortably warm, and cannot be utilised towards showing the influence of temperature. With Mr. Darnell Smith, who kindly submitted to experiment, the results are as follows :- Table showing Grouping these pairs of experiments two-by-two, as shown in this last table, the volumes of oxygen consumed will be found to exhibit a slight decrease as the temperatures rise, the carbonic acid pro duced also shows a slight tendency to fall with the increase of tem perature. The oxygen absorbed, which in my case is unmistakably increased with a rise in temperature, is not found to undergo a similar change, but remains nearly the same throughout; there being a slight fall at the two highest temperatures.
With reference to the influence of food on the interchange of the pulmonary gases, the experiments made on Mr. Smith fasting, or when a desire for food was felt about five hours after breakfast, showed a considerable falling off in the oxygen consumed, carbonic acid produced, and oxygen absorbed. m ust necessarily be attended with a falling off in the oxygen absorbed Cold would thus rob the body of a portion of its oxygen and inter fere with those functions of nutrition w ith which the absorbed oxygen is concerned. This would explain the hibernation of animals_ their functions are arrested because the whole of the oxygen they consume in winter is used up towards the formation of carbonic acid, and there is none left to carry on the phenomena of nutrition. It would also account for the sleepiness or stupor well known to be produced by intense cold.
W hen Mr. Sm ith was under experim ent the influence of tem perature on the oxygen consumed and carbonic acid produced was in the same direction, though much less m arked th an in my case. The oxygen absorbed does not, however, show the same tendency to decrease with a falling tem perature. This does not, I consider, invalidate the result as obtained on myself, the tem perature of the air being higher when the experiments were made on Mr. Sm ith than when they were undertaken on myself, and the body being under the influence of an early spring season in M a rc h ; while the experiments on myself were made in winter, when the laboratory at times was very cold.
3. The influence of food on the interchange of respiratory gases, although being attended with a rise in the oxygen consumed and carbonic acid expired, apparently varies with reference to the oxygen absorbed. Young and strong persons, requiring a full allowance of food, appear to absorb more oxygen while under the influence of a meal than while fasting, but late in life the oxygen absorbed appears to show little or no tendency to increase after a meal. According to H anriot and R ichet, the carbonic acid produced increases considerably under the influence of food, while the increased absorp tion of oxygen is but slight.*
In conclusion, I wish to allude shortly to a result embodied in my former communication, and relating to the respiration of air contain ing an increased proportion of carbonic acid. Five experiments had been made-three on myself and two on my assistant, Mr. Russell. The proportions of C 0 2 in the air inspired were respectively 2T3, 3T4, 4'06, 3-79, and 3'91 per cent. I t was found th a t the amount of carbonic acid produced in a given time was lower than when pure air was breathed, and th at the oxygen absorbed was greatly increased.
The following table gives the figures obtained for the oxygen absorbed:-
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The eudiometer has the form of a (J-tribe, drawn into an open neck at its bend, where the opening is controlled with a stopcock. One of the limbs of the instrument, which is graduated, i3 surrounded by a water jacket, and has an iron cap cemented to it, in which there is a. three-way iron stopcock. A scale is fixed at the back of the open lim b, the divisions corresponding exactly to those engraved on the other limb.
The flask C, open a t both ends, is full of w ater, and com m unicates bv india-rubber tubing with th e cylinder D, w hich contains the a ir for .analysis.
The process of analysis is as follows :-The eudiom eter is e n tirely filled with m ercury. N ext, the hydrogen being placed under a pressure of 1 or 2 inches of w ater by depressing the receiver, the gas is driven through the three-w ay cock, while a t the same time it is aspired by a compressed india-rubber syringe, which is suddenly released; this washes out all the atm ospheric air from the tube connecting the supply of hydrogen w ith the eudiometer. The three-way cock being turn ed so as to connect the hydrogen-receiver with the eudiometer, m ercury is let out a t the bend of the in stru ment, when hydrogen is draw n into it, and the volume of the gas recorded. A ir from the flask D is adm itted into the eudiom eter through the india-rubber tube, pressure being exerted by the w ater held in the flask D, while aspiration is produced by lettin g out m ercury from the eudiometer. The gases are brought under atmo-,spheric pressure by adding or tak in g out m ercury.
The gases are m ixed in the eudiometer by means of an indiarubber syringe fitting to the open end of the instrum ent, where the funnel is shown in the draw ing; the syringe is compressed and released repeatedly, thus driving the m ercury up and down. The little movable spirit level is convenient, though not indispensable, towards the adjusting of the m ercury in the two limbs. I find th a t such an instrum ent has been proposed, or used, for sim ilar purposes by Gr. Lunge (' Chem. Soc. J l.,' 1892), but the readings are not so reliable as those obtained from two identical scales, one for each limb of the I J 't u k 6-The gases are finally exploded in the usual way. The process is described in full in my paper read June, 1891, to the Royal Society. 
